The model developed in this AMR will be validated against appropriate experimental data as data becomes available.
Qualified, Unqualified, and Accepted input data and references have been identified , and TBV assigned and documented in Attachment 1 of this report, in accordance with AP-3.15.
Computer Software and Model Usage are discussed in Section 3 of this report. The following unqualified codes are used: NUFT 3.0s Software Tracking Number is: 10088-3.0s-00. Model results generated using these codes are identified as TBV. Code validation will be addressed as part of the code qualification effort.
In addition to AP-3.1 OQ, the following procedures are applicable to this document: AP-6.1 Q, AP-3.144, AP-3.174, AP-SI.lQ, AP-SIII.2Q, YAP.SV.lQ COMPUTER SOFTWARE AND MODEL USAGE
The calculations described in this AMR are performed using the USNT module of NUFT v. 3.0s run on a SUN Ultra 10 workstation. The Software Tracking Number is: 10088-3.0s-00.
NUFT 3.0s is currently unqualified software due to resource and schedule constraints. Therefore all calculations reported in this AMR must be considered as unqualified (TBV). NUFT 3.0s is in the process of being qualified. The current estimated completion date is 10/l/99. We fully expect that calculation results reported here and the results of future calculations done with the qualified code will be identical.
INPUTS
DATA AND PARAMETERS Table 8 lists the infiltration rates that corresponds these parameters. These infiltration rates must be considered TBV. Table 9 and 10 list hydrologic and thermal properties for EBS materials. This information is from Design Input Transmittal PA-SSR-992 18.Tb. Table 11 gives information on the EBS design. This information is from Design Input Transmittal PA-SSR-992 18.Tb.
NBS

EBS
NUFT Input
The parameters listed above are converted to NUFT input parameters Nitao (1998a Nitao ( , 1998b . Some of the parameters used in NUFT v 3.0s are not described in these reports, will be described in the NUFT v. 3.0s final report which will be available when v. 3.0s is qualified.
Because the UZ Site-Scale Model provides hydrologic data based on an active fracture dual permeability model and the EBS parameters were given based on continuum permeability measurements, we converted the EBS parameters to parameters that would be appropriate for an active fracture dual permeability model. 
CRITERIA
The model developed in this report is based on a flow through porous media model (unsaturated, nonisothermal), using a dual permeability approach (DKM) with active fractures concept (AFC). This conceptual is consistent with the model approach used in most recent UZ Site-Scale Model. All the simulations presented in this section were performed using the USNT module of NUFT 3.0s. NUFT has been used extensively to simulate thermal-hydrological behavior on the Yucca Mountain Project. For example, NUFT, using the dual permeability approach, but not with the active fracture concept, was the basis for simulating WP environment conditions for the most recent total system performance assessment-viability assessment (OCRWM 1998, Volume 3, Section 3.2. Comparison of models based on this approach against data from the Drift Scale Test are being performed as part of the Thermal Testing AMR. There are no currently available appropriate field or laboratory tests to compare with the drainage calculations presented here, but to the extent that testing is conducted in the future, this model can be compared with those data.
CODES AND STANDARDS
The model/analysis documented in this report were developed using the applicable QA procedures, and conventional engineering/scientific standards. ASSUMPTIONS 1. Nonisothermal, unsaturated flow through porous media, using an implicit dual permeability (DKM) with active fracture concept (AFC) as represented by the USNT module of the NUFT 3.0s computer code applies.
2. The UZ Site-Scale Model is representative of the unsaturated hydrology (e.g., hydrologic parameters and unit definition) of the site.
3. A 2-D, steady-state analysis is conservative.
4. The location modeled, approximately in the center of the repository, is representative of the site.
5. If large amounts of water are entering the EBS, then the temperatures in the EBS are below boiling and to first order, the heat given off by waste packages can be neglected for assessing drainage.
6. The key effect of THC/THM or construction processes as they apply to water drainage is to assume that fracture permeability below the drift is significantly decreased.
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REV OOA 18 9/27/l 999 ANALYSIS/MODEL Methodology General -An effort was made to be as consistent as possible with that of other AMRs being prepared for the EBS and NFE PMRs, and the YMP UZ Site-Scale Model.
Conceptual Model -The system is described as steady-state flow through porous media model, using a dual permeability with active fractures approach. Infiltration is applied to the top of the model domain, which represents the ground surface. The region between the top of the drift and the backfill is represented by the host-rock unit so that infiltration applied to the top of the model emters the drift. This is equivalent to applying seepage directly on the top of the backfill, but it preserves the model domain for easier comparison with simulations being performed for other AMRs.
Numerical Model -All the simulations presented in this section were performed using the USNT module of NUFT 3.0s.
Model Domain -The 2D model domain extends vertically from the ground surface to the water table and contains the model units described in Table 1 , and horizontally from the center of a drift to the center of the pillar between the drifts. The grid is rectangular with irregular spacing and contains 1200 cells. The current "chimney" domain model was chosen for consistency with other past and concurrent NUFT EBS modeling efforts and because the boundary conditions are better defined. A close-up of the EBS region of the modeling domain is shown in Figure 1 . At the left hand side of this model domain, which represents the center of the EBS, invert is represented by 2 cells.
Hydrologic properties -An active fracture, dual permeability approach was used to represent hydrologic properties. See Tables 4-7 . When these values are changed to examine parameter sensitivity, this is explicitly stated. Since the key to drainage is the permeability of the host rock unit below the EBS, we investigate the consequence of changes to the permeability of this rock, in several simulations. Such permeability changes occur due THC/THM or construction processes. In these simulations, the permeability of the fractures in host rock unit directly (1 cell) below the invert was reduced by many orders of magnitude, to the permeability of the host rock matrix. In other cases, the fracture permeability in the host rock directly (1 cell) below the entire EBS was reduced to this value. These permeability reductions will be referred to as "fractures plugged below invert" and "fractures plugged below EBS", respectively. The region immediately above the invert is represented in this model by impermeable material, so ponding of water above the invert can not occur (i.e., water is diverted horizontally).
Boundary Conditions -Boundary conditions for temperature, pressure and relative humidity must be defined. The temperature and pressure parameter values for ground surface and water table listed in Table 3 are held constant. The liquid saturations at the ground surface and water table are held to 0 and 1, respectively, and the air at the ground surface is assumed to have 100%
REV OOArelative humidity. Side boundaries are assumed to be reflective, that is, there is no flow of water, air or heat through the side boundaries.
Infiltration -A constant infiltration is applied to the ground surface. For some simulations, we assumed that infiltration was equal to the current climate or glacial infiltration rate (see Table 3 ).
In other simulations, we calculated the infiltration assuming that the infiltration is concentrated spatially such that the entire flux between adjacent pillar centerlines is focused into the intervening drift (i.e., multiply infiltration rate by 40.5/2.75), and then applied that rate across the entire model domain. These rates will be referred as focused infiltration rates. The greatest infiltration rate considered is the focused glacial rate (38.66 mm/yr x 40.5/2.75 = 570 mm/yr).
Performance Goals -The EBS is considered to fail with respect to its ability to drain incoming water when the saturation averaged over the bottom half of the invert at the point furthest from the center of the drift reaches a value of 1. In the numerical model, this location is represented by a 0.303 m long by 0.35 m wide cell. Of the six cells used to represent the invert in the numerical model, this cell was always the most saturated one.
Simulations -A description of the simulations run for this AMR and results of these simulations are given in Table 12 . Results are reported in terms of liquid saturation for the cell corresponding to Cell # 1 marked in Fig. 1 . Results are also reported for the cell directly above this cell, marked as Cell #2 in 
CONCLUSIONS
The EBS successfully drains water entering the EBS for even extreme infiltration rates unless fractures below the EBS become clogged and the permeability of those fractures reduced to matrix permeability values, as might be the result of THC/THM processes or repository construction activities. Drainage performance is impeded if fractures are clogged below the invert but not below the entire EBS, but the EBS can still drain water at significant infiltration rates. Drainage performance is seriously impeded if fractures are clogged below the entire EBS. The EBS is considered to fail with respect to its ability to drain incoming water when the saturation averaged over the bottom half of the invert at the center of the drift reaches a value of 1.
For a "focused glacial" infiltration rate, the EBS successfully drains water entering the EBS. The saturation averaged over the bottom half of the invert never exceeds 0.32 for this infiltration rate, even if the permeability of the backfill and/or the invert is reduced by a factor of 10x. A "focused glacial" infiltration rate is defined as follows: assume a glacial infiltration rate is concentrated spatially such that the entire flux between adjacent pillar centerlines is focused into the intervening drift, and then apply that rate across the entire model domain.
If fractures below the invert become clogged, the EBS fails to drain at an infiltration rate of 3x the glacial rate. If fractures below the entire EBS become clogged, the EBS fails to drain at an infiltration rate equal to the monsoon infiltration rate. This water drainage model is based on unsaturated flow through porous media, using an implicit dual permeability (DKM) with active fracture concept (AFC) as represented by the USNT module of the NUFT 3.0s computer code. An effort was made to make this approach as consistent as possible with the approach being used by other AMRs being performed for the EBS PMR and the YMP UZ Site-Scale model. This model is a 2D, steady-state model representative of the center of the repository with waste package heat neglected. The region between the host rock and the backfill is treated as host rock and the region between the invert and the backfill is represented by an impermeable material.
